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LONG TERM GOALS
To understand and model the formation of oriented leads in sheets of first-year

sea ice with the ultimate goal of contributing to the next generation sea ice model.

OBJECTIVES
The hypothesis is that leads within high-latitude sea ice covers develop from the

growth and interaction under far-field compression of pre-existing flaws, such as thermal
cracks and re-frozen leads. With this in mind, the near-term objective is to understand the
flow and fracture of columnar sea ice containing flaws.

APPROACH
To this end, deformation experiments on the intermediate scale are underway in

the laboratory. A study is being made of meter-sized blocks of ice grown under natural
conditions. The material is characterized by columnar grains whose crystallographic c-
axes are randomly oriented within the plane of the sheet, as in natural covers of first-year
sea ice. The blocks are designed to contain an array of pre-existing crack-like flaws, and
are being loaded under compression at controlled strain rates. The experiments are being
performed using a novel loading frame.

ACCOMPLISHMENTS
The study was initiated during FY97. The loading facility has now been installed,

in a sea-ice pond located at USA- CRREL. It is capable of delivering 400 MN at a
displacement rate of up to 1 mm/s. This allows blocks as large as 1x1x0.3 m to be
deformed on either side of the ductile-brittle transition. As a prelude to the in-pond tests,
preliminary experiments were performed in Dartmouth's Ice Research Laboratory using a
true multiaxial loading system, to obtain some insight into the role of both boundary
conditions and flaws on the compressive failure crack pattern.

SCIENTIFIC RESULTS
The experiments were performed on plates (150 x150 x 25 mm) of columnar

saline ice grown in the laboratory, under conditions simulating Nature. They showed that
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when the ice is rapidly compressed (10-3s-1) across the columns under moderate
confinement (as in the field), it  collapses via the formation of a shear fault. The fault, we
believe, is similar to the leads which form in ice sheets. The new point is that the
orientation of the fault/lead depends upon the boundary conditions. Boundaries "free"
from confinement generate faults oriented at about 30o to the direction of the major
applied compressive stress. Confining boundaries induce shear stresses whose effect is to
change the orientation of the fault to about 45 o to the major applied stress. Expanding
boundaries induce shear stresses of the opposite sign whose effect is to change the
orientation to about 20 o. The observations are reproducible. They suggest that the
orientation of leads in ice covers depends upon the stress state within the ice, provided
that similar mechanisms are at play on the small and the large scales.

Flaws also affect the orientation of the fault. From tests on a series of specimens
containing a set of 16 randomly oriented flaws (20 mm long), it was found that certain
defects become activated before the others. We expect that the active ones are those on
which the local effective shear stress (i.e., teff= ta- msn, where ta is the applied stress
resolved onto the "crack" plane, sn is the applied stress normal to the crack plane and m is
a coefficient of friction) is the highest. The cracks lengthen and interact with other flaws,
leading eventually to the development of the fault. The set of flaws which participate in
the process changes when the directions of major and of minor compressive stress are
interchanged, thereby changing the orientation of the fault.

Preliminary though they are, and limited perhaps by the size of the test pieces, the
results signify that both boundary conditions and pre-existing stress concentrators are
important factors in the development of failure zones and large fractures within columnar
saline ice moderately confined and rapidly loaded under compression.

IMPACT FOR SCIENCE
The results are beginning to impact the development of the numerical modeling of

the flow and fracture of anisotropic sea ice and of lead formation. One paper on the
subject is in press, entitled: iOn Modeling Sea Ice Fracture and Flow ......" 1997, W.D.
Hibler III and E.M. Schulson, Annals of Glaciology. A  new manuscript is in preparation,
entitled: "On Modeling the Anisotropic Failure and Flow of Flawed Sea Ice", W.D.
Hibler III and E.M. Schulson.

RELATED PROJECTS
This study is closely related to a concurrent investigation (grant no. N00014-97-1-0381)
on the numerical modeling of the fracture and flow of anisotropic (cracked) sea ice, by
W.D. Hibler III of Dartmouth College.
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